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ft preferred embodiment of the process according to the 

• v a i « nreater detail , with reference 
invention will now be described in greater deta 

to the accompanying drawings, wherein: 

FIGURE 1 is a graphic representation of the effect of 
pulp density, which is the solid to liguid ratio, on the respec- 
tive rates of extraction of Z inc and copper from a -400 mesh lead 
sulphide concentrate by means of Thio jgcillus ferrooxida ns at P H 
2.3, temperature 35°C and aeration with armospheric air containing 

0.2% carbon dioxide? 

FIGURE 2 is a graph representing this effect of pulp 
density, i.e. solid to liguid ratio, on the respective yields of 
copper and sine from a -400 ,esh lead sulphide concentrate by 
means of Thiobacillus ferro oxidans at P H 2.3, texture 35 C 
and aeration with atmospheric, containing 0.2% carbon dioxide; 

FIGURE 3 is a flow diagram of a process according to the 
invention, for the leaching and recovery of copper, cadmium and 
zinc from lead sulphide concentrates. 

The results illustrating the effectiveness of the method 
of the present invention in Figures 1 and 2 were derived from 
shake flask experiments using 2S0 nH.of E rlen m eyer flasks a gra- 
tory shaker apparatus and a total volume of 75 ml of leach solu- 
tion containing 70 ml of iron free nutrient m edium, 5 ml of bac- 
terial suspension as inoculum and solid particles of the lead sul- 
phide concentrate in pulp densities of between 2 and 14%. The 
lea * sulphide concentrate utilized had the following composition: 
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stags. It was discovered M during tnese experiments, apprc- 

40* of the lead sulphide oxgall, preset 1, tne con- 
centrate had heen converted hy oxidation to lead sulphate. 

Par further illustration of the applicaoilit, of the 
method of this invention ta the extraction of cadi.*, capper 
sad sine, larger scale stirred tan* experiments were carried aut 
as 8 a»d 12 liters hatches el leach suspensions af 6 and 14* 

,,„.„ „..„ . .325 mesh sise quantity ol tl>e 
pulp density respectively, using a 

«. sulphide coacertrate at pH 2.3, temperature 35-C and air 
Mrl ah.d tc 0.2* is carhcu dioxide. The tahulatad results there., , 

are give la the following lahle 2. 

Table 2 
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'L results Of the tan* leaching experiments are sllght- 
„ .slow thoss cf the shahs flash experiments, the discrepaacy 
la attrlhutahls ta the siss diffsrencss hetween the concentrate 
particles used for the shahs flhshs experts, i.e. -WO mesh 
' and, thoss ussd for the tanh lathing experiments, i.e. -525 mesh. 

After filtration, the leach li,u»r was found to typio- 
^Oy contain 5.5 to 9.0 g/1 of sine, 0.5 to 3.0 g/1 of copper. 
0.05 to 0.2 g/1 of cadminm and 1.2 to 5.0 g/1 of ferric iron, de- 
p Mdl ng mostly on the initial P»lP dsnsit, of the leach supsen- 
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8i on. I. Practice, the leach liquor would preferably be recycled 
to further increase the metal concentrations. 

The flowsheet of figure 3 schematically, outlines of a 
process for the recovery of minor metal values from lead sulphi- 
de ores and concentrates containing said metal values in accor- 
dance with the present invention. According to this scheme, it 
is preferable to remove the ferric iron by neutralisation and pre- 
cipitation prior to proceeding to the recovery of the other me- 
tals. Copper and cadmium were Jointly recovered from the xron 
free liquor by cementation with sine dust. The P H of the liquor, 
depleted of the metals which are more noble than sine, was in- 
creased to 7.5 to 8.0 to form a basic sine sulphate precipitate 
which was filtered off and from which, after its dissolution in 
sulphuric acid, it has been possible to recover the sine by elec- 
trolysis, in order to increase the P H of the solution and thus 
cause precipitation of the basic sine sulphate, magnesium oxide 
or lime may be added. 
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The eiSodiments of the invention in which an exclusive 
property or privilege is claimed are defined as follows: 

1. A biohydrometallurgical process for the selective 
extraction of cadmium, copper and zinc values from lead ores or 
concentrates containing said metals and lead in the form of 
their respective sulphides, which comprises: 

a) grinding said lead ore or concentrate to form 
small solid particles; 

b) contacting the surfaces of said small solid parti- 
cles with an aqueous nutrient medium to form a leach suspension, 
said aqueous nutrient medium having a pH of 1.5 to 4.0, con- 
taining sulfuric acid and being maintained at a temperature 

of 20° to 40°C; 

c) inoculating the leach suspension with a strain 
of adapted aerobic autotrophic iron and sulfur-oxidizing 
Thiobacillus ferrooxidans ; 

d) agitating the inoculated leach suspension and 
simultaneously aerating the suspension with carbon dioxide 
enriched air, as the leaching of the metals at the surfaces 
of the particles progresses; and 

e) filtering the leach suspension to obtain a 
liquid fraction from which are recovered the extracted metal 
values . 

2. A process according to claim 1, wherein said 
pH is kept constant at 2.3, 

3. A process according to claim 1, wherein said 
temperature is kept constant at 35°C. 
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4. A process according to claim 1, wherein the 



carbon dioxide content of the carbon dioxide enriched air 
is comprised between 0.03 and 10% by volume. 

5. A process according to claim 4, wherein said 
carbon dioxide content is 0.2% by volume. 



centration of small solid particlies in said leach suspension is 
of up to 30% pulp density. 

7. A process according to claim 6, wherein the pulp 
density of the leach suspension is 14%. 



suspension is filtered to obtain, one the one hand, a first 
liquid fraction from which are recovered the extracted metal 
values in an amount of up to 60% by weight and f on the other 
hand, a leach residue; said leach residue is ground and a 
quantity of the same aqueous nutrient medium is added to the 
ground leach residue to produce a further, leach suspension which 
is inoculed with said strain of the bacteria Thiobacillus 
ferrooxidans ; the leaching step as outlined in (d) is repeated 
and the further leach suspension is filtered to obtain r on the 
one hand, a second liquid fraction from which are recovered 
further extracted metal values and, on the other, a further 
leach residue which is retained for recovery of the lead there- 
from by smel ting . 



of said first and second liquid fractions is increased to 
about 3.0 to precipitate dissolved iron in the form of basic 
ferric sulphate which is removed by filtration, prior to 
recovering the extracted metal values. 



6. A process according to claim 1, wherein the con- 



8. A process according to claim 1, wherein the leach 



9. A process according to claim 8, wherein the pH 
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10. A process according to claim 9, wherein cadmium 
and copper are recovered by cementation with zinc dust and 
subsequent filtration. 

11. A process according to claim 10, wherein the pH 
of said first and second liquid fractions is increased to about 
8.0 to precipitate zinc in the form of basic zinc sulphate 
which is removed by filtration. 

12. A process according to claim 1, wherein after 
recovery of the extracted metal values the aqueous nutrient 
medium is recycled to step b) , after having been readjusted 
in its nutrients content. 
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